This paper investigates the technological issues that affect the behavior of the users of an e-Learning system. In particular, it examines how user-based quality evaluation is influenced by the way the content of an e-Learning system is structured, as well as by aesthetic issues such as colors used. The paper presents a case study, in which a representative sample of users evaluated two different implementations of an e-learning system, developed particularly for the purposes of this survey. The users' evaluation focuses on three specific factors: the content structure, the navigation and the aesthetics of the system. The main aim of this paper is to determine these factors' effect on e-learning systems users' behavior by gathering and analyzing the opinions of the users who participated in this case study.
Introduction
As early as 1874, when the University of the State of Illinois was founded offering correspondence studies, and up to date a number of technological means have aided distance education. Web technologies are not just the latest innovation but a large step forward whose promise will take a long time to be fulfilled in educationally non-trivial ways. This has happened before, when technologies passed by before they could be successfully utilized in education -at least formal education. During the past ten years the educational community has witnessed a real revolution regarding the means with which education can be delivered. High speed networks, powerful hardware available to simple users, multimedia-enhanced material, and free access to informal learning resources are just some of the trends introduced by the latest technology advances. The vision of adaptive e-learning systems that could leverage the learning process throughout an organization seems, theoretically and technologically, feasible [Pittinsky (2002) ].
Despite the advances in technology, performance in terms of pedagogy and actual learning gains are not as significant as expected. Current teaching and learning practices are based on the information transfer paradigm: information is passed from the teacher to the student. This model obliges the student to consume information without being able to build knowledge [Anderson & Whitelock (2004) ]. This static model of learning is supported by most state-of-the-art e-learning tools in the market. Information transfer is popular because it is easily supported by Web technologies but its educational effectiveness is seriously questioned even in organizations that depend on ODL (Open and Distance Learning) for their daily operation [Xenos et al. (2002) ]. Current e-learning tools offer many impressive functions but they tend to be complex for novice users and are often costly to support. The question of whether technological advances alone are adequate for an effective learning experience is recurrent among endusers of e-learning systems. A possible solution for boosting e-learning systems' performance includes quality assessment of services during their design and after their deployment. Assuring service quality is obviously a key concern in many aspects of learning, education and training, so why should it be especially crucial in relation to e-learning? In large scale e-learning applications, such as Virtual Campuses, there are many stakeholders with different goals, requirements and especially different definitions of quality. This greatly impacts the design process and shapes the final outcome. Because of these challenges, formal methods are needed for evaluating and assuring quality of service in such systems. E-learning system quality is different, although connected, to e-learning curricula quality. The first is purely technical while the latter is connected to pedagogy. They both strive to ensure academic integrity.
Quality assessment can take place during the software design phase and during its operation. In this work, we developed a simple e-learning system in two different implementations. Although e-learning development platforms existed, the development started from scratch allowing the developing team to control all the parameters of the e-learning system. The main goal of this approach is to allow us to study in both implementations how aesthetics and content structuring of each developed e-learning system affected the users' behavior. Today's highly interactive web applications tend to adopt interaction styles borrowed from traditional software. However, this is not always acceptable, since the web poses special requirements that need to be taken into consideration [Bevan (1998) ]. For instance, the characteristics of web users are not always well known in advance and can vary considerably. According to Nielsen [Nielsen (1993) ], the highly quoted user-centered design methodology is considered applicable in this new context. This paper is structured in five sections. Following this brief introduction and literature review, a brief description of the e-learning system development and its content is presented in the second section. The third section describes the sample of users that participated in this case study and the evaluation methods used. In the fourth section the gathered results of the case study and a brief analysis of the outcome are presented. Finally, in the last section we conclude by spelling out the key points of the paper.
Implementation of the e-learning system
The presented work was conducted by Software Quality Research Group [SQRG (2007) ] of the Hellenic Open University [HOU (2007) ]. The Hellenic Open University started to offer bachelor courses in the year 2000, based on the distance-learning model. Initially, many of the learning procedures were influenced by the British Open University [UK (2007) ] model. This model initially was a traditional distance model with limited or no use of e-learning facilities. HOU students study their material -mainly printed textbooks-from distance. In addition, they have the option to attend a small number of face-toface counselling meetings. Currently, the HOU provides six bachelor degree courses and 24 postgraduate courses, most of them using e-learning services.
Although a number of advanced e-learning systems were available at the HOU, the SQRG developed a simple e-learning system from scratch for the purposes of the presented case study, in order to be able to control and modify all its parameters. Various methods and techniques of how to design and implement e-learning systems were studied [Alexander (2001) , Garrison & Anderson (2003) , Shin & Hong (2006) ]. A number of sections presenting specific learning material were created, utilizing common lessons of basic topics about informatics and computer usage. In detail, the e-learning material that was designed and imported in the system referred to the usage of MS Office (Word and Excel). The description of these applications, their interface and their available functions was chosen in order to facilitate finding a representative sample of end-users to participate in this case study.
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Selection of learning material
The first step of this study was to select, structure and categorize the learning material. The basic aim of this e-learning system implementation was not to create a thorough and detailed online user manual of the two MS Office applications. On the contrary, the development team focused mainly on the creation of a simple system which would enable the end-user to learn the basic functions and the most common practices of these applications in a fast and effective way. Besides, the object of this case study was to examine and measure the influence of aesthetics and content structuring on e-learning systems' users behavior. The subjects of the selected learning material aimed at familiarizing the users with the interface of the applications and at enabling them to search, exploit and use their functions easily and correctly. Comprehensive examples are provided in which step by step instructions are described. Furthermore, typical screenshots are attached presenting forms, tools, buttons, menus etc. of the applications to improve the understandability of the material. A few typical examples of the basic functions presented in the e-learning system were how to create, modify, save and print a document or a worksheet, how to use the basic toolbars and the help assistant of the applications, how to format documents, paragraphs, fonts, tables, cells, pages, worksheets, how to insert pictures, equations, Excel functions and charts, objects, how to use the spelling and grammar functions, etc.
The learning material was divided and framed into 12 basic categories, 6 categories for MS Word and 6 categories for MS Excel. Each basic category consisted of 5 to 20 sub-categories, depending on the field. Finally, each sub-category presented a single and particular topic of the material. As a result, the whole material was structured in a complete hierarchical mode and the users had to follow a top down walkthrough in order to access a specific learning object of the system. For example, a basic category of MS Excel was about charts, whereas its corresponding sub-categories included the creation of a chart, the parts of a chart, standard and custom types of charts, data ranges, the format and modification of the chart and its data area, the print preview and printing of a chart, etc.
Development of two different versions
In this case study we focused on three particular factors of an e-learning system: the system's content structure, navigation and aesthetics. Our aim was not to implement an optimum or a high quality elearning system to present the capabilities and most common functions of the two MS Office applications. On the contrary, two different but equivalent versions of the same system were developed, with specific and obvious alterations as far as the three factors mentioned above are concerned. One basic difference between these two versions was the way that the learning material was presented; using frames and having a menu or using simple html pages. Another one concerned the availability of html links between the pages and the navigation functions between the various categories and sub-categories. The size of the learning material that was presented in each page was also different. Finally, as far as the aesthetics are concerned, the two versions differed from each other in the html page background color.
Moreover, firstly we decided to determine a number of negative and positive matters related to these factors. Then in the design phase we divided both these negative and positive matters equivalently to the two different versions. As a result, no version was better than the other as far as all of the three factors were concerned. It must also be mentioned that the learning material and its hierarchical structure was exactly the same in both versions of the e-learning system. The first version (ver.A) of the system consisted of simple html pages for each category and each subcategory of the learning material. As a result, each specific topic of the learning material was presented in a separate page, Simple html links and navigation buttons were inserted in these pages. The structuring and the navigation through these pages were achieved by a hierarchical and a sequential way. In other words, while viewing a page, a user may only move a step forwards or backwards in the same Pre-print version of the paper published in Journal of Computational Methods in Sciences and Engineering, Special Issue: Intelligent Systems and Knowledge Management, Vol. 8, No. 3, pp. 183-194, 2008. 186 level of hierarchy or a level up or down. Finally, a different background colour was selected according to the application they referred to. Specifically, a light blue background was chosen for the MS Word pages, whereas all the MS Excel pages had light green background. The selection of these two colours was based on the main colour of the shortcut icons of these two applications in the MS Windows environment. As a result, it was obvious by a simple glance to which application every page corresponded. In Figure 1 typical screenshots of this first version are presented.
Figure 1. Typical screenshots of the first version of the e-learning system
Figure 2. Typical screenshots of the second version of the e-learning system
The second version (ver.B) of the system was designed by means of frames. Specifically, three different frames were created: a top frame which was the header of the system, a left frame which was the menu with the table of contents and a main frame for the html pages with the learning material. In this version html pages were developed only for the main categories of the material, in which the content of all of their sub-categories was imported. As a result, this version consisted of fewer but significantly larger pages including more content than the pages of the first version. A user was able to navigate through these pages not only by a number of simple links placed inside the pages, but also by the menu frame, in which links to the pages of the main categories of the selected application could be found. As a result, in this version a user was able to determine in which application every page was referring to simply by observing the contents of the left frame. In order to access the learning material of a sub-category, a user had to either scroll down the page of the appropriate page of the main category or click to the appropriate link which was placed on the top of that page. With respect to the factor of colouring, in this version all the pages of both applications had a white background. However, the top frame and the menu frame had blue background and white fonts, so as to be easily distinguished from the main frame where the learning material was presented. In Figure 2 typical screenshots of this second version are presented.
Setting up the case study
Selection of the evaluators
After constructing the two versions of the e-learning system, in order to conduct the survey, we had to select a representative sample of end-users to evaluate the system. As a result, we preferred to choose users having different levels of experience in MS Office applications and e-learning systems in general. In this survey evaluation responds were gathered from 32 users. The different levels of experience of these users can be distinguished to the following:
• Low level. Users with low or medium semantic and syntactic knowledge.
• Medium level. Users with either low semantic and good syntactic knowledge or good semantic and low syntactic knowledge.
• High level. Users with both high semantic and syntactic knowledge.
Syntactic knowledge is the knowledge of existing computer applications, and the familiarization with the use of computers in general. The more similar to the measured application those applications are, the better for the user. The amount of experience is also a subject for measurement. A user is considered to gain experience faster in the very first years when working with a program than later on. The key point here is to understand that the object of study is not the users' ability to operate a program, but their ability to judge a similar program. As a result, the aim of measuring users syntactic knowledge is to evaluate their interaction with the program, the use of similar systems, the general use of computer systems and of course the amount of experience for each one of them.
The vast majority of computer programs are not constructed to offer something new, but to automate a pre-existing activity. In most of the cases, new programs are built to offer a new automation, replacing an existing product. This activity (automated or not) is known by many users with different expertise levels. The semantic knowledge defines how well a user knows this activity -meaning how well a user understands the semantics of the under automation problem. While measuring semantic experience, the amount of experience is also important [Xenos & Christodoulakis (1995) ].
In this particular case study, the users who were characterized as high level ones already knew how to utilize all or almost all the functions of the MS Office applications that were presented in the developed e-learning system. The medium level users were the ones who were already aware of at least half of the functions mentioned above. Finally, all the remaining users of the sample were characterized as low level users.
More specifically, the sample of users consisted of 12 low level, 14 medium level and 6 high level users. The users participating in this survey were a) students of a technological educational institute, b) computer users without any programming experience and c) programmers and computer engineers. In this survey the users were not requested to follow a specific scenario of usage of the developed elearning system. On the contrary, we just asked them to create a new document in MS Word and a new worksheet in MS Excel and then start practicing while utilizing a number of functions of these two applications that were presented in the e-learning system. After this evaluation they expressed their opinion for both versions of the system, focusing only on the three factors that this survey concerned. Finally, they were asked about their opinion and guidelines for a new improved version of the same elearning system. It must also be mentioned that in order to judge the two different versions equitably, half of the users were asked to evaluate version A of the system first, while the other half started their evaluation with version B.
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Evaluation and analysis methods
In order to evaluate the two versions of the developed system we used experimental and inquiry methods. Specifically, we selected the following three methods to collect users' opinions [Stavrinoudis et al. (2005) ]:
• User questionnaires. Users are requested to express their opinion for the quality of a software product by completing a structured questionnaire.
• User interviews. The researcher is in direct contact with the user. The questions of the interview follow a hierarchical structure, through which the general opinion of the product is formed.
• User actions logging. The most common techniques to record the actions of users are the researcher's notes, the users' voice recording, the video recording of the users, computer logging and user logging.
In this case study we used the above methods for all the users, in order to estimate their opinion in an integrated way. Specifically, as far as the first method is concerned the Questionnaire Tool (Figure 3 ) was used, which is an environment developed by the SQRG for collecting external software measurements. We created an appropriate questionnaire for the case study where the users had to log in through the Internet and fill in their answers.
Figure 3. The Questionnaire Tool
Regarding the user actions logging method, the researcher may observe the users either at their working place or in a usability laboratory. Figure 4 presents a typical example of such a laboratory, where the researcher is able to see the user working through the one-way mirror, without the user being able to see the researcher. Moreover, by means of cameras, logging software and servers all the actions of the user can be recorded. In this case study we used the usability laboratory of the HOU.
In order to analyze statistically the derived data from the survey, an appropriate statistical method was followed. This analysis focuses mainly on questionnaire-based surveys. However, it can be easily generalized, so that it can be applied to any of the aforementioned evaluation methods. In order to measure the average users' opinion of the e-learning system, the QWCO (Qualifications Weighed Customer Opinion) technique, which is measured using the formula shown in equation (1), was selected.
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The aim of these techniques is to weigh users' opinions according to their qualifications. In order to achieve this, 'Oi' measures the normalized score of user 'i' opinion, 'Ei' measures the qualifications of user 'i', while 'n' is the number of users who participated in the survey. 
. Usability laboratory
The questionnaire consisted of 9 multiple choice and 1 open question. The first three of the multiple choice questions (Q1, Q2, Q3) were related to the content structure and specifically to the structure of the learning material in each page and to the understandability and operability of the system according to this structure. The next three (Q4, Q5, Q6) were related to the navigation and particularly to the functionality and the usability of the system with respect to this factor. The latter three (Q7, Q8, Q9) were related to the aesthetics of the system, where matters of understandability, usability and functionality of the system with respect to aesthetics were concerned. By the last open question the users were able to report their opinion of the e-learning system in general and to propose their improvements on it. For the questions Q1, Q2, Q4, Q5, Q7 and Q8 the Likert scale was used with five multiple choices, which were marks from 1 to 5. The higher the mark given by the users to one of these questions, the higher was their opinion about the factor related to this specific question. These six questions had to be answered by the users for both versions of the e-learning system. Finally, by the questions Q3, Q6 and Q9 the users were asked which version they preferred according to each factor.
The findings of the case study
The results of the questions where the Likert scale was used are presented in table 1. Each row refers to the results of each question and of each of the two versions of the system. The three first columns present the average opinion of users with a specific level of experience (low, medium and high level), whereas the next column presents the average opinion of all the users of the sample regardless of their level of experience. Finally, in the last column the results of the QWCO formula are shown. Table 2 presents the percentage of the four different choices of the remaining three questions. Pre-print version of the paper published in Journal of Computational Methods in Sciences and Engineering, Special Issue: Intelligent Systems and Knowledge Management, Vol. 8, No. 3, pp. 183-194, 2008 .
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The histograms of the figures 5, 6 and 7 and the pie of the figure 8 present the findings of the case study in a graphical way. In detail, figure 5 displays the combined results of questions Q1 and Q2, which were related to the content structure factor, in a single histogram. Similarly, figure 6 presents the combined results of questions Q4 and Q5, which were related to the navigation factor, whereas figure 7 presents the combined results of the questions Q7 and Q8, which were related to the aesthetics factor. Finally, figure  8 portrays the combined results of questions Q3, Q6 and Q9. 
Figure 6. Combined results for navigation (Q4 and Q5)
As far as the content structure is concerned, it is obvious that the first version had better results than the second one. Users, especially non experienced ones, prefer the learning material to be structured in more pages with less and more concise content. It was also observed that the majority of the users found more difficulties in understanding and utilizing the material presented in larger pages as it was in the second version. On the contrary, experienced users could easily operate both versions. However, as far as the structure of the learning material is concerned, they also preferred the first version.
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Pre-print version of the paper published in Journal of Computational Methods in Sciences and Engineering, Special Issue: Intelligent Systems and Knowledge Management, Vol. 8, No. 3, pp. 183-194, 2008. because of their higher requirements concerning this specific factor. However, 50% of the users preferred a new version that could combine the navigation functions of both of the implemented versions. In other words, they proposed an improved version where, besides the html links between the pages of the elearning system, both the menu frame and the navigation buttons would be implemented.
Finally, regarding the factor of aesthetics, users preferred the first version as far as the learning material understandability and usability is concerned. On the contrary, they preferred the second version as far as the system functionality is concerned. Besides, most of the users found a new version combining the aesthetics of both implemented versions preferable. In other words, they preferred the improved version to contain frames having a different color from the content pages and additionally they had a preference for the idea of different background colors in the content pages according to the MS Office application they refer to.
The outcome of both the open questions of the questionnaire and the interviews revealed that non experienced users give greater weight on issues such as the easiness to understand the learning material. They prefer simple e-learning systems, whereas experienced users prefer more advanced systems that provide more functions. Moreover, almost all users proposed an improved version of a system where the positive characteristics of each version must be taken into account.
Regarding the user actions logging method, the results that were derived were similar to the other methods. We observed that users were able to understand the learning material much more easily and quickly in the first version than in the second one. However, while navigating in the two system versions seeking for a specific learning topic, they usually managed to find the appropriate information in the second version faster than in the first one. As a result, in order to complete a specific task in MS Word or in MS Excel, users were able to find the page with the material related to this task faster in the second version. But, when they had already found this page, it was observed that they utilized the appropriate information and completed the specific task they wanted faster in the case of the first version.
Conclusion
From the analysis of the above mentioned results we conclude that an improved version of the developed system should be structured by pages with limited and understandable learning material. Alternative navigation functions must be provided. Finally, while determining the systems' aesthetics both the understandability and the functionality of the system must be taken into consideration. Besides, the above mentioned conclusions agree with the findings of similar researches on e-learning systems [Chang (2004) , Govindasamy (2002) , Nabeth et al. (2004) ]. In order to construct a high quality e-learning system, the developer should take into account the preferences of both the experienced and non experienced users. After all, over time the experience of the users increases and they should be considered as experienced ones [Stavrinoudis et Al. (2005) ].
